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Abstract. Nucleon spin structure has been an active, exciting and intriguing sub-
ject of interest for the last three decades. Recent precision spin-structure data from
Jefferson Lab have significantly advanced our knowledge of nucleon structure in
the valence quark (high-x) region and improved our understanding of higher-twist
effects, spin sum rules and quark-hadron duality. First, results of spin sum rules
and polarizabilities in the low to intermediate Q2 region are presented. Compar-
ison with theoretical calculations, in particular with Chiral Perturbation Theory
(ChPT) calculations, are discussed. Surprising disagreements of ChPT calcula-
tions with experimental results on the generalized spin polarizability, δLT , were
found. Then, precision measurements of the spin asymmetry, A1, in the high-x
region are presented. They provide crucial input for global fits to world data to
extract polarized parton distribution functions. The up and down quark spin dis-
tributions in the nucleon were extracted. The results for ∆d/d disagree with the
leading-order pQCD prediction assuming hadron helicity conservation. Results of
precision measurements of the g2 structure function to study higher-twist effects
are presented. The data indicate a significant higher-twist (twist-3 or higher) ef-
fect. The second moment of the spin structure functions and the twist-3 matrix
element d2 results were extracted. The high Q
2 result was compared with a Lat-
tice QCD calculation. Results on the resonance spin-structure functions in the
intermediate Q2 range are presented, which, in combination with DIS data, en-
able a detailed study of quark-hadron duality in spin-structure functions. Finally,
an experiment to study neutron transversity and transverse spin asymmetries
is discussed. A future plan with the 12 GeV energy upgrade at JLab is briefly
outlined.
1 Introduction
In the last three decades the study of the spin structure of the nucleon has led to a very
productive experimental and theoretical activity with exciting results and new challenges[1].
This investigation has included a variety of aspects, such as testing QCD in its perturbative
regime via spin sum rules (like the Bjorken sum rule[2]) and understanding how the spin of the
nucleon is built from the intrinsic degrees of freedom of the theory, quarks and gluons.
Recently, the high polarized luminosity available at Jefferson Lab has allowed the study
of nucleon spin structure with an unprecedented precision, enabling us to access the valence
quark (high-x) region[3] and also to expand the study to the second spin-structure function,
g2 [4]. Furthermore, the moments of the spin-structure functions [5] were measured [6] and the
spin sum rules [6,8], polarizabilities [6] and quark-hadron duality [9,10] were studied. A new
program to study the transverse spin and transverse momentum dependence in the nucleon is
under way.
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1.1 Inclusive polarized electron-nucleon scattering
For inclusive polarized electron scattering off a polarized nucleon target, the cross section de-
pends on four structure functions, F1(Q
2, x), F2(Q
2, x), g1(Q
2, x) and g2(Q
2, x), where F1 and
F2 are the unpolarized structure functions and g1 and g2 the polarized structure functions.
In the quark-parton model, F1 or F2 gives the quark momentum distribution and g1 gives
the quark spin distribution. Another physics quantity of interest is the virtual photon-nucleon
asymmetry A1
A1 =
g1 − (Q
2/ν2)g2
F1
≈
g1
F1
. (1)
1.2 Moments and sum rules of the spin-structure functions
Sum rules involving the spin structure of the nucleon offer an important opportunity to study
QCD. In recent years the Bjorken sum rule at large Q2 and the Gerasimov, Drell and Hearn
(GDH) sum rule [17] at Q2 = 0 have attracted large experimental and theoretical [18] efforts
that have provided us with rich information. A generalized GDH sum rule [19] connects the
GDH sum rule with the Bjorken sum rule and provides a clean way to test theories with
experimental data over the entire Q2 range. Spin sum rules relate the moments of the spin-
structure functions to the nucleon’s static properties (as in Bjorken or GDH sum rules) or real
or virtual Compton amplitudes, which can be calculated theoretically (as in the generalized
GDH sum rule or the forward spin polarizabilities). Refs. [5,52] provide comprehensive reviews
on this subject.
1.3 Spin structure in the valence quark (high-x) region
The high-x region is of special interest, because this is where the valence quark contributions
are expected to dominate. With sea quark and explicit gluon contributions expected not to
be important, it is a clean region to test our understanding of nucleon structure. Relativistic
constituent quark models[12] should be applicable in this region and perturbative QCD[13] can
be used to make predictions in the large x limit.
To first approximation, the constituent quarks in the nucleon are described by SU(6) wave-
functions. SU(6) symmetry leads to the following predictions[14]:
Ap
1
= 5/9; An
1
= 0; ∆u/u = 2/3; ∆d/d = −1/3. (2)
Relativistic Constituent Quark Models (RCQM) with broken SU(6) symmetry, e.g., the
hyperfine interaction model[12], lead to a dominance of a ‘diquark’ configuration with the
diquark spin S = 0 at high x. This implies that as x→ 1:
Ap
1
→ 1; An
1
→ 1; ∆u/u→ 1; and ∆d/d→ −1/3. (3)
In the RCQM, relativistic effects lead to a non-zero quark orbital angular momentum and
reduce the valence quark contributions to the nucleon spin from 1 to 0.6− 0.75.
Another approach is leading-order pQCD [13], which assumes the quark orbital angular
momentum to be negligible and leads to hadron helicity conservation. It yields:
Ap
1
→ 1; An
1
→ 1; ∆u/u→ 1; and ∆d/d→ 1. (4)
Not only are the limiting values as x→ 1 important, but also the behavior in the high-x region.
The behavior of A1 as x approaches 1 is sensitive to the dynamics in the valence quark region.
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1.4 The g2 structure function and the d2 moment
The spin structure function g2, unlike g1 and F1, can not be interpreted in the simple quark-
parton model. To understand g2 properly, it is best to start with the operator product expansion
(OPE) method. In the OPE, neglecting quark masses, g2 can be cleanly separated into a twist-2
and a higher twist term:
g2(x,Q
2) = gWW2 (x,Q
2) + gH.T.2 (x,Q
2) . (5)
The leading-twist term can be determined from g1 as[15]
gWW
2
(x,Q2) = −g1(x,Q
2) +
∫
1
x
g1(y,Q
2)
y
dy , (6)
and the higher-twist term arises from quark-gluon correlations. Therefore, g2 provides a clean
way to study higher-twist effects. In addition, at high Q2, the x2-weighted moment, d2, is a
twist-3 matrix element and is related to the color polarizabilities [16]:
d2 =
∫
1
0
x2[g2(x) − g
WW
2
(x)]dx. (7)
Predictions for d2 exist from various models [33,34,35] and lattice QCD[36].
1.5 Quark-hadron duality in spin structure functions
Quark-hadron duality was first observed for the spin-independent structure function F2. In
1970, Bloom and Gilman [20] noted that the nucleon resonance data averaged to the DIS scal-
ing curve. Recent precision data [21] confirm quark-hadron duality in the unpolarized proton
structure functions. Efforts are ongoing to investigate quark-hadron duality in polarized struc-
ture functions [22]. It was predicted that in the high-x region at high enough Q2, the resonances
will have a similar behavior as DIS. Results from HERMES [23] and CLAS [51] show the proton
spin structure function gp
1
approaching duality. The study of quark-hadron duality will aid in
the study of the higher-twist effects and understanding the high-x behavior in DIS.
1.6 Transversity
The transversity distributions, δq(x,Q2), are fundamental leading-twist (twist-2) quark distri-
butions, samilar to the unpolarized and polarized parton distributions, q(x,Q2) and ∆q(x,Q2).
In quark-parton models, they describe the net transverse polarization of quarks in a transversely
polarized nucleon. There are several special features for the transversity distributions, making
them uniquely interesting:
– The difference between the transversity and the longitudinal distributions is purely due
to relativistic effects. In the absence of relativistic effects (as in the non-relativistic quark
model, where boosts and rotations commute), the transversity distributions are identical to
the longitudinally polarized distributions.
– The quark transversity distributions do not mix with gluonic effects [59] and therefore follow
a much simpler evolution and have a valence-like behavior.
– The positivity of helicity amplitudes leads to the Soffer’s inequality for the transversity[60]:
|hq
1
| ≤ 1
2
(f q
1
+ gq
1
).
– The lowest moment of hq
1
measures a simple local operator analogous to the axial charge,
known as the “tensor charge”, which can be calculated from lattice QCD.
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Due to the chiral-odd nature of the transversity distribution, it can not be measured in
inclusive DIS experiments. In order to measure δq(x,Q2), an additional chiral-odd object is
required, such as double-spin asymmetries in Drell-Yan processes, single target-spin azimuthal
asymmetries in Semi-Inclusive DIS (SIDIS) reactions, double-spin asymmetries in Λ produc-
tion from e-p and p-p reactions and single-spin asymmetries in double pion production from e-p
scattering. The first results, from measurements performed by the HERMES [65] and COM-
PASS [61] collaborations with SIDIS offered the first glimpse of possible effects caused by the
transversity distributions.
2 Recent results from Jefferson Lab
The Thomas Jefferson National Accelerator Facility (Jefferson Lab, or JLab, formerly known
as CEBAF - Continuous Electron Beam Accelerator Facility) is located in Newport News, Vir-
ginia, USA. The accelerator produces a continuous-wave electron beam of energy up to 6 GeV.
An energy upgrade to 12 GeV is planned in the next few years. The electron beam with a
current of up to 180 µA is polarized up to 85% by illuminating a strained GaAs cathode with
polarized laser light. The electron beam is deflected to three experimental halls (Halls A, B and
C) where the electron beam can be scattered off various nuclear targets. The scattered electrons
and knocked out particles are detected in the halls with various spectrometer detector packages.
The experiments reported here are from inclusive electron scattering where only the scattered
electrons are detected. The neutron results presented here are from Hall A [24] where there are
two High Resolution Spectrometers (HRS) with momentum up to 4 GeV/c. A polarized 3He
target, with in-beam polarization of about 50%, provides an effective polarized neutron target.
The polarized luminosity reached is 1036 s−1cm−2. The detector package consists of vertical
drift chambers (for momentum analysis and vertex reconstruction), scintillation counters (data
acquisition trigger) and Cˇerenkov counters and lead-glass calorimeters (for particle identifica-
tion (PID)). The pi− were sorted from e− with an efficiency better than 99.9% . Both HRS
spectrometers were used to double the statistics and constrain the systematic uncertainties by
comparing the cross sections extracted using each HRS. The proton and deuteron results are
from Hall B [25], where there is the CEBAF Large Acceptance Spectrometer (CLAS) and Hall
C, where there are the High Momentum Spectrometer (HMS) and the Short Orbit Spectrom-
eter (SOS). Polarized solid NH3 and ND3 targets [26] using dynamical nuclear polarization
were used. Polarizations up to 95% for NH3 and up to 45% for ND3 were achieved.
2.1 Results of the generalized GDH sum and BC sum for 3He and the neutron
Fig. 1 shows the extended GDH integrals I(Q2) =
∫∞
νthr
[σ1/2(Q
2)− sigma3/2dν/nu(Q
2)] (open
circles) for 3He (preliminary) (upper-left) and for the neutron (upper-right), which were ex-
tracted from Hall A experiment E94-010[6], from break-up threshold for 3He (from pion thresh-
old for the neutron) to W = 2 GeV. The uncertainties, when visible, represent statistics only;
the systematics are shown by the grey band. The solid squares include an estimate of the
unmeasured high-energy part. The corresponding uncertainty is included in the systematic un-
certainty band. The preliminary 3He results rise with decreasing Q2. Since the GDH sum rule
at Q2 = 0 predicts a large negative value, a drastic turn around should happen at Q2 lower
than 0.1 GeV2. A simple model using MAID [18] plus quasielastic contributions estimated from
a PWIA model [42] indeed shows the expected turn around. The data at low Q2 should be a
good test ground for few-body Chiral Perturbation Theory calculations.
The neutron results indicate a smooth variation of I(Q2) to increasingly negative values
as Q2 varies from 0.9GeV2 towards zero. The data are more negative than the MAID model
calculation[18]. Since the calculation only includes contributions to I(Q2) for W ≤ 2GeV, it
should be compared with the open circles. The GDH sum rule prediction, I(0) = −232.8µb,
is indicated in Fig. 1, along with extensions to Q2 > 0 using two next-to-leading order χPT
calculations, one using the Heavy Baryon approximation (HBχPT) [37] (dotted line) and the
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Fig. 1. Results of GDH sum I(Q2) and BC sum Γ2(Q
2) for 3He [7] and the neutron [6]. The 3He GDH
results are compared with the MAID model plus quasielastic contribution. The neutron GDH results
are compared with χPT calculations of ref. [37] (dotted line) and ref. [39] (dot-dashed line). The MAID
model calculation of ref. [18], is represented by a solid line. Data from HERMES [23] are also shown.
The BC sum results (resonance only) are compared with MAID model calculations.
other Relativistic Baryon χPT (RBχPT) [39] (dot-dashed line). Shown with a grey band is
RBχPT including resonance effects [39], which have an associated large uncertainty due to the
resonance parameters used.
The capability to transversely polarize the Hall A 3He target allows precise measurements of
g2. The integral of Γ
3He
2
=
∫∞
0
g3He
2
(Q2)dx and Γn
2
is plotted in the lower-left and lower-right
panels of Fig. 1 in the measured region (solid circles) and open circles show the results after
adding an estimated DIS contribution for 3He (elastic contribution for the neutron). The solid
squares (open diamonds) correspond to the results obtained after adding the elastic contribu-
tions for 3He, (adding an estimated DIS contribution assuming g2 = g
WW
2 for the neutron). The
MAID estimate agrees with the general trend but is slightly lower than the resonance data. The
two bands correspond to the experimental systematic errors and the estimate of the systematic
error for the low-x extrapolation. The total results are consistent with the BC sum rule. The
SLAC E155x collaboration[54] previously reported a neutron result at high Q2 (open square),
which is consistent with zero but with a rather large error bar. On the other hand, the SLAC
proton result was reported to deviate from the BC sum rule by 3 standard deviations.
6 Will be inserted by the editor
2.2 First moments of g1 and the Bjorken sum
The new results from the Hall B eg1b [51] experiment on Γ¯1(Q
2) at low to moderate Q2 are
shown together with published results from Hall A [6] and Hall B eg1a [50] in Fig. 2 along with
the data from SLAC [54] and HERMES[23]. The new results are in good agreement with the
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Fig. 2. Results of Γ1(Q
2) for p, n, d and p-n from JLab Hall A [6] and CLAS eg1a [50] and eg1b [51]
. The slopes at Q2=0 predicted by the GDH sum rule are given by the dotted lines. The MAID model
predictions that include only resonance contributions are shown by the full lines while the dashed (dot-
dashed) lines are the predictions from the Soffer-Teryaev (Burkert-Ioffe) model. The leading twist
Q2-evolution of the moments is given by the grey band. The insets show comparisons with χPT
calculations. The full lines (bands) at low Q2 are the next-to-leading order χPT predictions by Ji
et al. (Bernard et al.).
published data. The inner uncertainty indicates the statistical uncertainty while the outer one
is the quadratic sum of the statistical and systematic uncertainties.
At Q2=0, the GDH sum rule predicts the slopes of Γ1 (dotted lines). The behavior at low Q
2
can be calculated with χPT. We show results of calculations by Ji et al. [37] using HBχPT and
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by Bernard et al. with and without [39] the inclusion of vector mesons and∆ degrees of freedom.
The calculations are in reasonable agreements with the data at the lowest Q2 settings of 0.05 -
0.1 GeV2. At moderate and large Q2 data are compared with two model calculations [56,57] .
Both models agree well with the data. The leading-twist pQCD evolution is shown by the grey
band. It tracks the data down to surprisingly low Q2, which indicates an overall suppression of
higher-twist effects.
The lower-right panel in Figure 2 shows the moment of gp
1
− gn
1
, the generalized Bjorken
sum. This is of special interest because it contains contributions only from the flavor non-singlet
(or isovector) part. The data at high Q2 value were used to test the Bjorken sum rule as one
of the fundamental tests of QCD. They were also used to extract a value of strong coupling
constant, αs. The new JLab data at low Q
2 provide interesting information in the low energy
region, where the strong interaction is truly strong and non-perturbative. A new attempt [45]
was made to extract an effective strong coupling, αeffs in the low Q
2 region (Figure 3). The
extracted αeffs shows a clear trend of weakening Q
2-dependence with decreasing Q2. With the
GDH sum rule as a limit at Q2 = 0, a model fit through the extracted αeffs show a loss of
Q2-dependence as Q2 approaches zero. This is consistent with a conformal behavior, which is
important for any attempt to apply AdS/CFT [46] for the strong interaction in the low-energy
region.
Q (GeV)
α
s(Q
)/pi
α
s,g1/pi world data
α
s,τ/pi OPAL
pQCD evol. eq.
JLab PLB 650 4 244
JLab CLAS
α
s,F3/pi
GDH limit
0.06
0.07
0.08
0.09
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
10 -1 1
Fig. 3. Results of αeffs [45] extracted from generalized Bjorken sum, together with world data on α
eff
s
and a model fit.
2.3 Spin Polarizabilities: γ0 and δLT
The generalized spin polarizabilities provide benchmark tests of χPT calculations at low Q2.
Since the generalized polarizabilities have an extra 1/ν2 weighting compared to the first mo-
ments (GDH sum or ILT ), these integrals have less contributions from the large-ν region and
converge much faster, which minimizes the uncertainty due to the unmeasured region at large
ν.
At low Q2, the generalized polarizabilities have been evaluated with next-to-leading order
χPT calculations [38,39]. One issue in the χPT calculations is how to properly include the
nucleon resonance contributions, especially the ∆ resonance. As was pointed out in Refs. [38,39]
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, while γ0 is sensitive to resonances, δLT is insensitive to the ∆ resonance. Measurements of the
generalized spin polarizabilities are an important step in understanding the dynamics of QCD
in the chiral perturbation region.
The first results for the neutron generalized forward spin polarizabilities γ0(Q
2) and δLT (Q
2)
were obtained at Jefferson Lab Hall A [6].
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Fig. 4. Results for the neutron spin polarizabilities γ0 (top-panel) and δLT (bottom-panel). Solid
squares represent the results with statistical uncertainties. The light bands represent the systematic
uncertainties. The dashed curves represent the heavy baryonχPT calculation [38]. The dot-dashed
curves and the dark bands represent the relativistic baryon χPT calculation without and with [39] the
∆ and vector meson contributions, respectively. Solid curves represent the MAID model [18].
The results for γ0(Q
2) are shown in the top-left panel of Fig. 4. The statistical uncertainties
are smaller than the size of the symbols. The data are compared with a next-to-leading order
(O(p4)) HBχPT calculation [38], a next-to-leading order RBχPT calculation and the same
calculation explicitly including both the ∆ resonance and vector meson contributions [39].
Predictions from the MAID model [18] are also shown. At the lowest Q2 point, the RBχPT
calculation including the resonance contributions is in good agreement with the experimental
result. For the HBχPT calculation without explicit resonance contributions, discrepancies are
large even at Q2 = 0.1 GeV2. This might indicate the significance of the resonance contributions
or a problem with the heavy baryon approximation at this Q2. The higher Q2 data point is
in good agreement with the MAID prediction, but the lowest data point at Q2 = 0.1 GeV2
is significantly lower. Since δLT is insensitive to the ∆ resonance contribution, it was believed
that δLT should be more suitable than γ0 to serve as a testing ground for the chiral dynamics
of QCD [38,39]. The bottom-left panel of Fig. 4 shows δLT compared to χPT calculations and
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the MAID predictions. While the MAID predictions are in good agreement with the results, it
is surprising to see that the data are in significant disagreement with the χPT calculations even
at the lowest Q2, 0.1 GeV2. This disagreement (“δLT puzzle”) presents a significant challenge
to the present Chiral Perturbation Theory.
Results of gamma0 on the proton has been recently submitted for publication [51]. They
show significant disagreement with both χPT calculations [38,39]. The isospin separation was
performed and discussed in Ref. [51].
New experimental data have been taken at very low Q2, down to 0.02 GeV2 for the neu-
tron (3He) [47] for both longitudinal and transverse target polarizations, for the proton and
deuteron [48] for only the longitudinal target polarization. Preliminary results just became
available for the neutron. Analysis is underway for the proton and deuteron data. These results
will shed light and provide benchmark tests to the χPT calculations at the kinematics where
they are expected to work. A new proposal [49] was recently approved to measure gp
2
with a
transversely polarized proton target in the low Q2 region. It will provide an isospin separation
of the spin polarizabilities to shed light on the “δLT ” puzzle.
2.4 Precision measurements of A1 in the high-x region and polarized valence quark
distribution
JLab Hall A experiment E99-117 [3] measured An
1
with high precision in the x region from 0.33
to 0.61 (Q2 from 2.7 to 4.8 GeV2). Asymmetries from inclusive scattering of a highly polarized
5.7 GeV electron beam on a high pressure (> 10 atm) (both longitudinally and transversely)
polarized 3He target were measured. Parallel and perpendicular asymmetries were extracted
for 3He. After taking into account the beam and target polarizations and the dilution factor,
they were combined to form A
3He
1 . Using the most recent model [27], nuclear corrections were
applied to extract An1 . The results on A
n
1 are shown in the left panel of Fig. 5.
The experiment greatly improved the precision of data in the high-x region, providing the
first evidence that An
1
becomes positive at large x, showing clear SU(6) symmetry breaking. The
results are in good agreement with the LSS 2001 pQCD fit to previous world data [28] (solid
curve) and the statistical model [29] (long-dashed curve). The trend of the data is consistent
with the RCQM [12] predictions (the shaded band). The data disagree with the predictions from
the leading-order pQCD models [13] (short-dashed and dash-dotted curves). These data provide
crucial input for the global fits to the world data to extract the polarized parton distribution
functions and the extractions of higher-twist effects.
New results of Ap
1
and Ad
1
from the Hall B eg1b experiment [51] have recently become
available. The data cover the Q2 range of 1.4 to 4.5 GeV2 for x from 0.2 to 0.6 with an
invariant mass larger than 2 GeV. The precision of the data improved significantly over that of
the existing world data.
In the leading-order approximation, the polarized quark distribution functions ∆u/u and
∆d/d were extracted from the Hall A neutron data, the CLAS eg1b proton and deuteron data
and the world data. The results are shown in the right panel of Fig. 5, along with predictions
from the leading-order pQCD (short-dashed curves) and pQCD fit including quark orbital an-
gular momentum contributions [30]. The results of ∆d/d are in significant disagreement with
the predictions from a leading-order pQCD model assuming hadron helicity conservation. Data
agree much better with the fit including quark-orbital angular momentum contributions, sug-
gesting that the quark orbital angular momentum may play an important role in this kinematic
region.
2.5 Precision g2 measurements and higher twist effects
A precision measurement of gn2 from JLab Hall A E97-103 [4] covered five different Q
2 values
from 0.58 to 1.36 GeV2 at x ≈ 0.2. Results for gn2 are given in the left panel of Fig. 6. The
light-shaded area in the plot gives the leading-twist contribution, obtained by fitting world
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Fig. 5. An1 (left-panel), ∆u/u (upper side of the right-panel) and ∆d/d (lower side of the right-panel)
results from JLab Hall A E99-117 [47] and CLAS eg1b [51] experiments, compared with the world data,
the JLab 12 GeV projections (open points) [70] and theoretical predictions [30].
data[32] and evolving to the Q2 values of this experiment. The systematic errors are shown as
the dark-shaded area near the horizontal axis.
The precision reached is more than an order of magnitude improvement over that of the
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Fig. 6. Results for gn2 (left panel) from JLab Hall A [4], in comparison with g
WW
2 and model predictions.
The right panel shows the d¯n2 results from JLab Hall A [6,3] and SLAC [54], together with the Lattice
QCD calculations [36].
best world data [31]. The difference of g2 from the leading twist part (g
WW
2
)[15] is due to
higher-twist effects and is sensitive to quark-gluon correlations. The measured gn
2
values are
consistently higher than gWW2 . For the first time, there is a clear indication that higher-twist
effects become significantly positive at Q2 below 1 GeV2, while the bag model [33] and Chiral
Soliton model [34,35] predictions of higher-twist effects are negative or close to zero. The gn
1
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data obtained from the same experiment agree with the leading-twist calculations within the
uncertainties.
The second moment of the spin-structure function d2 is of special interest: at high Q
2, it
is a twist-3 matrix element and can be calculated in lattice QCD. Experimentally, due to x2
weighting, the contributions are dominated by the high-x region and the problem of low-x
extrapolation is avoided. The Hall A experiment E99-117 also provided data on An
2
at high-x.
The precision of the An2 data is comparable to that of the best existing world data [31] at high
x. Combining these results with the world data, the second moment dn
2
was extracted at an
average Q2 of 5 GeV2. Compared to the previously published result [31], the uncertainty on
dn2 has been improved by about a factor of 2. The d2 moment at high Q
2 has been calculated
by Lattice QCD[36] and a number of theoretical models. While a negative or near-zero value
was predicted by Lattice QCD and most models, the new result for dn
2
is positive. Also shown
in Fig. 2 are the low Q2 (0.1-1 GeV2) results of the inelastic part of dn
2
from another Hall A
experiment E94-010 [6], which were compared to a Chiral Perturbation Theory calculation [37]
and a model prediction[40].
A Hall C experiment [10] measured g2 on the proton and extracted d
p
2
at a Q2 value of 1.3
GeV2. A more comprehensive measurement of g2
2
and dp
2
is planned in Hall C [11] later this
year. It will cover a wide Q2 range from 2.5 to 6.5 GeV2.
2.6 New results on spin-structure functions for quark-hadron duality study
JLab E01-012 [9] ran successfully in early 2003 in Hall A. Asymmetries and cross sections were
measured in the resonance region, in a Q2 range from 1 to 3.6 GeV2, for inclusive scattering
of polarized electrons on a longitudinally and transversely polarized 3He target. The spin-
structure function g1 and virtual photon asymmetry A1 were extracted. The results for A
3He
1
are presented in Fig. 7 (left panel). Also plotted are the world DIS data and a fit of the DIS
data. It is interesting to note that the two sets of resonance data at the highest Q2 agree well,
indicating little or no Q2-dependence, which is a key feature of the DIS data. These data also
show the trend of becoming positive at the high-x side, the same trend as observed for DIS
data. The resonance data were integrated to study the global duality. Figure 5 (right panel)
shows the results for both 3He and the neutron in comparison with the DIS fits evolved to the
same Q2. The resonance data agree with the DIS fits at least for Q2 higher than 1.8 GeV2,
indicating that the global duality holds for the neutron and 3He spin structure function, g1, in
the high Q2 region.
Results have also become available from the JLab Hall C experiment E01-006 [10] and Hall B
experiment eg1b [51] on the proton and deuteron spin structure in the resonance region. These
data, combined with the world DIS data, demonstrated that global quark-hadron duality holds
in the proton and deuteron spin structure function at high Q2 (> 1.7 GeV2), while local duality
seems violated in the ∆ resonance region even for Q2 values as high as 5 GeV2.
3 A planned measurement of neutron transversity at JLab
A recently approved JLab experiment [67] plans to measure the single-spin asymmetry of the
n(e, e′pi±)X reaction on a transversely polarized 3He target. The goal of this experiment is
to provide the first measurement of the neutron transversity, complementary to the HERMES
and COMPASS measurements on the proton and deuteron. This experiment focuses on the
valence quark region, x = 0.19− 0.34, at Q2 = 1.77− 2.73 GeV2. Data from this experiment,
when combined with data from HERMES [65], COMPASS [61] and Belle [66], will provide
powerful constraints on the transversity distributions of both u-quarks and d-quarks in the
valence region.
The experiment will use a 6 GeV electron beam with the Hall A left-side high-resolution
spectrometer (HRSL) situated at 16
◦ as the hadron arm, and the BigBite spectrometer located
at 30◦ beam-right as the electron arm. A set of vertical coils will be added to the polarized
12 Will be inserted by the editor
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Fig. 7. A3He1 (left panel) in the resonance region from JLab E01-012, compared with the world DIS
data and a fit. Γ 3He1 and Γ
n
1 (right panel) of the resonance region from JLab E01-012, together with
lower Q2 results from JLab E94-010, compared with the world DIS fits.
3He target to provide tunable polarization directions in all three dimensions. By rotating the
target polarization direction in the transverse plane, the coverage in φls is increased, hence
facilitating the separation of the Collins and the Sivers effects. Figure 8 shows the expected
statistical precision of this experiment with 29 days of beamtime for the n(e, e′pi±)X single-spin
asymmetry. Due to the good particle identification in the HRS, K± data will be collected at
the same time, providing a set of precision data to study the transverse spin asymmetries for
semi-inclusive K± production.
4 Spin-structure program with the JLab 12 GeV energy upgrade
The JLab 12 GeV energy upgrade is the number 1 recommendation for future facilities in the
US Nuclear Physics Long Range Plan published in December 2007 [68]. It has passed the US
Department of Energy’s Critical Decision 2 (CD2) review and is in the final stage of engineering
design. It is scheduled to start physics data taking in 2014. The energy upgrade opens up a
much wider DIS kinematics region to study nucleon spin structure. Planned experiments [70] in
the high-x region will definitively establish the contributions of valence quarks to the nucleon
structure. A precision measurement of the moment d2 [69], part of the the color polarizabilities,
will provide a benchmark test of Lattice QCD predictions. An extensive SIDIS program [71]
with transversely polarized neutron and proton targets will map out precisely the Collins and
Sivers moments. Together with a world-wide effort, transversity distributions functions, Sivers
distribution function and Collins-fragmentation functions will be extracted. The tensor charge,
a fundamental quantity of the nucleon, will be determined, which will provide a new benchmark
test of Lattice QCD predictions.
A new facility, a Electron-Ion Collider (EIC), is undergoing discussion in the US hadronic-
physics community, as a long-term future facility. It will provide unique capabilities for the
study of QCD well beyond all existing facilities. It will extend the spin structure study over a
very wide region.
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Fig. 8. Expected statistical precision of E06-010 for the Collins moment.
5 Summary
In summary, the high polarized luminosity available at JLab has provided us with high-precision
data to study the nucleon spin structure in a wide kinematic range. They shed light on the
valence quark structure and help to understand quark-gluon correlations and study the non-
perturbative region and the transition between perturbative and non-perturbative regions of
QCD. A planned precision study on transverse spin phenomena will open a new window to
study the nucleon structure and help understand the strong interaction.
The work presented was supported in part by the U. S. Department of Energy (DOE) contract
DE-AC05-84ER40150 Modification NO. M175, under which the Southeastern Universities Research
Association operates the Thomas Jefferson National Accelerator Facility.
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